ABSTRACT
Introduction
Skin wound healing is a complex process that involves inflammation, reepithelization, angiogenesis, granulation tissue formation, and deposition of interstitial matrix, besides other events carried out by different types of cells, such as keratinocytes, fibroblasts, inflammatory and endothelial cells. These phenomena are influenced by the interstitial matrix, growth factors, and other mediators 1 .
Glucocorticoids seems to hind the wound healing process, causing a decreasing in cellular proliferation, in neovascularization, and in matrix production 2 . In animals, a delay in the afflux of macrophages, neutrophils, and fibroblasts was reported. It is owned that corticosteroids reduce the inflammatory phase of wound healing 2 . The chronic use of corticoids may influence negatively reepithelization, neovascularization, and collagen synthesis 3 .
The effect of prolonged use of corticotherapy on surgical wound healing shows conflicting results in literature. Several factors participate in this controversy, depending on the type and dosage of corticosteroids used, species of animals, period of treatment, and methods of evaluation of healing efficacy 4 .
Diethelm 5 observed that pre-or intraoperative administration of hydrocortisone is associated with a greater incidence of infections and delay in healing time. Rizzo et al. 6 verified that the adverse effects of the adrenocorticotropic hormone (ACTH) and cortisone were dose-dependent. According to Vogel 7 , high doses of cortisol and prednisolone reduce the healing resistance of the skin, but small doses, even for a prolonged time, increase healing resistance.
On the other hand, Jalali and Bayat 8 found unspecific effects with moderate and low doses of corticosteroids, whereas Kletsas et al. 9 noted an increased collagen synthesis in fibroblast cultures of human embryo skin by adding small concentrations of corticoids.
The need for further studies in order to understand the effects of corticoids on skin healing motivated this project, which is part of a line of research on wound healing [10] [11] [12] . The objective of this study was to compare the skin wound healing resistance after local and systemic administration of hydrocortisone in distinct postoperative periods.
Methods
This project was carried out according to the recommendations of the international legislations on animal One hundred and thirty male albino CF-1 Swiss mice were used, with an average body weight of 40 ± 5g. The animals were randomly distributed into five groups:
• Group 1 (n = 10): control, not operated;
• Group 2 (n = 30): submitted only to thoracic skin incision and suture;
• Group 3 (n = 30): submitted to thoracic skin incision and suture, completed by local daily administration of 0.9% saline solution;
• Group 4 (n = 30): submitted to thoracic skin incision and suture, completed by daily local administration of hydrocortisone at 10 mg/kg;
• Group 5 (n = 30): submitted to thoracic skin incision and suture, completed by daily intraperitoneal administration of hydrocortisone at 10 mg/kg.
In the Control Group, the resistance of intact skin was evaluated. For the study of skin wound healing resistance, groups 2, 3, 4, and 5 were divided into three subgroups each, as per-and postoperative periods studied:
• Subgroup A (n = 10): seventh postoperative day;
• Subgroup B (n = 10): 14 th postoperative day;
• Subgroup C (n = 10): 21 st postoperative day.
The animals were daily followed, they received the same nutrition and remained allocated in cages with identical numbers of animals (n = 5).
The operations were conducted under general anesthesia with ketamine hydrochloride (90 mg/kg) and xylazine hydrochloride (10 mg/kg), both intraperitoneally. After shaving the dorsal region, the skin of the median dorsal portion of the thorax was incised longitudinally, measuring 3 cm length, sparing the subjacent muscles. Next, the borders of the wound were sutured with four simple stitches, being used 4-0 monofilament polypropylene.
After the follow-up time, the animals were killed with a lethal inhaled dose of ether after general anaesthesia with ketamine hydrochloride and xylazine hydrochloride with the same doses as previously used. The following parameters were studied:
•Body weight variation of the animals during the followup period;
•Presence of general and local skin complications;
•Measures the resistance of rupture tensions of intact skin and scar;
•Histological evaluation of the skin wound healing.
The mice were weighed at the onset of the experiment and immediately after death.
In each animal from groups 4 and 5, a 0.1 ml solution was injected daily containing hydrocortisone at 10 mg/kg/day, either at the site of the scar (Group 4) or intraperitoneally (Group 5), as of two days before the operation and continuing until evaluation of skin wound healing resistance. In the group that received only local saline, the volume injected was also 0.1 ml. The application of these injections had the objective of comparing the systemic and local effects of the corticoid, as well as the role of tissue distention at the incision site in the wound healing process.
Resistance of the skin wound healing was assessed by removing a skin sample transversal to the scar, measuring 4 x 1 cm, with scar in the middle portion. The stitches were carefully removed and the fragment was submitted to a tensile resistance testing by electronic tensiometer.
Histological studies were conducted in preparations stained by hematoxylin-eosin and by Gomori's trichrome.
The thickness of the wound healing fibrosis neoformation was measured in three different regions: near the cranial extremity, in the mid portion, and near the caudal border.
One-way ANOVA tests were used, followed by the Tukey-Kramer test so the body weights and skin wound healing resistance among the groups could be compared. The differences were considered significant for values corresponding to p<0.05.
Results
All mice survived the experiment and progressed satisfactorily. The weight variation of all groups studied is shown on Table 1 . In all mice that were underwent surgery (Groups 2, 3, 4, and 5), the skin wound healing resistance on the seventh postoperative day was lower than that found on the 14 th and 21 st postoperative days (p<0.05). On the 14 th postoperative day, the resistance was lower than that found on the 21 st day (p<0.05).
Even after 21 days, the skin wound healing resistance was lower than the one of the intact skin in all groups (p<0.01).
With the macroscopic study of the healing process, on the seventh postoperative day, in groups 4 and 5, it was verified that the scar area was looser. In the other groups, on the other hand, healing was firmer. There was no infection or other cicatricial were thicker in comparison to the two initial weeks, which shows a more ordered and parallel distribution, with no differences in the aspects of the four groups evaluated.
Discussion
Factors that affect skin wound healing are continually researched, and scar delay is one of the frequently discussed and controversial effects of corticosteroids. Although there are several experimental studies on the relation between wound healing phenomena and the use of corticosteroids, methodological variation makes its evaluation difficult 2-5 .
The mouse was chosen as the experimental animal due to easy of acquisition, handling, accommodations, resistance to surgical aggression, and low mortality due to infectious processes.
Only adult males were used to avoid the hormonal influence of the estrus cycle of females, which could interfere in the process of skin wound healing 13 .
The choice of hydrocortisone dose for this study was defined on previous studies that verified that 10 mg/kg/day is the minimal concentration necessary to affect wound healing, and it is also proportional to doses prescribed in several clinical treatments 10, 11 . Following other authors 7, 13 , the administration of the drug was initiated in the preoperative phase and continued until the day the animals were killed. According to literature 7, 8 , when corticosteroids are administered before surgery and maintained postoperatively, their harmful effects are more evident.
The body weight reduction of mice submitted to corticoids is also a known fact. According to previous studies 3, 14 , corticotherapy used in animals participates in a complex metabolic process that results in malnutrition. Even though no satisfactory explanation has been found for this phenomenon, this worsening of the animal general condition may have contributed to delay wound healing. Contrary to some studies 3, 8 in which there has been body weight loss and interference in wound healing process after seven weeks, in this study, the follow-up period of the mice was a lot shorter than those that had been described, and there was a reduction in body weight and skin wound healing resistance as early as the first week of corticoid administration.
This result may be due to the delay in collagen deposition, with a consequent reduction of skin wound healing resistance.
During the first week, all groups displayed a healing resistance lower than that posteriorly found. In the beginning, the collagen bundles are still very thin and the skin wound healing resistance is low, which hinders evaluation of the hydrocortisone effect.
Even so, it was noted that the groups treated with this drug had a lower wound healing resistance than the Control Group. During the subsequent periods, the skin wound healing resistance of all groups was organized, and there was no difference related to the drug.
As to administration route, it is known that in wound healing processes, topical corticotherapy tends to be used more than systemic administration, especially because of its milder side effects. Nevertheless, in this study, the systemic effects of corticosteroids did not differ from the local effects . After the second postoperative week, the healing process of all animals was better organized, with no differences among the groups, displaying well-formed connective tissue rich in ordered collagen fibers.
Despite the observation of a decrease in skin wound healing resistance in mice receiving corticoids during the first postoperative week, it is not possible yet to explain its pathophysiology. The immediate inflammatory response to trauma is characterized by the presence of hemorrhage, edema, vascular congestion, and inflammatory infiltrate, lasting about five days.
Later, the fibroplasia phase is followed by vascular neoformation and fibroblast proliferation, extending, on average, until the 14 th day. Finally, the maturation cycle, which can last up to two years, arranges the collagen and devascularizes the granulation tissue 4 .
The action of the corticosteroid may interfere in any one of these processes. According to some authors, this drug promotes stabilization of the lysosome membrane, protecting it against its lysis, and consequently reducing the initial inflammatory reaction 4, 5, 7 . In antagonizing angiogenesis, these drugs inhibit fibroblast proliferation, reducing collagen synthesis 3, 4 . This action could possibly explain the reduction in skin wound healing tension, but others studies are still necessary to clarify this issue.
The transposition of the experimental findings to clinical practice should be carefully performed. Riobó et al. 15 , analyzed patients with intestinal inflammatory disease under treatment with systemic corticotherapy and submitted to surgical treatment, and did not observe changes in complications of ileorectal anastomoses.
Fleshner et al.
16
, on the other hand, verified postoperative adverse effects in patients receiving corticoids.
Conclusion
There has been a decrease of body weight variation and a reduction of skin wound healing resistance during the first postoperative week in mice submitted to the effects of hydrocortisone.
